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1. INTRODUCTION {#agm212043-sec-0005}
===============

1.1. Patients with diabetes mellitus and their social background {#agm212043-sec-0006}
----------------------------------------------------------------

An excessive intake of energy and a reduction of physical activity are considered as risk factors of diabetes mellitus (DM). The number of DM patients is increasing worldwide and is expected to increase from 1 in 11 adults to 1 in 10 adults by 2040.[1](#agm212043-bib-0001){ref-type="ref"} In DM patients with long‐standing hyperglycemia, complications---such as retinosis, nephrosis, and diabetic polyneuropathy (DP)---can arise. In DP, impaired sensation and motor abilities can affect balance or gait ability[2](#agm212043-bib-0002){ref-type="ref"}, [3](#agm212043-bib-0003){ref-type="ref"}, [4](#agm212043-bib-0004){ref-type="ref"}, [5](#agm212043-bib-0005){ref-type="ref"} and can lead to muscle atrophy and loss of motor function. Therefore, a reduction in motor function influences the reduction in active mass.

1.2. Relationship between locomotive syndrome and DM {#agm212043-sec-0007}
----------------------------------------------------

In 2007, the Japanese Orthopedic Association (JOA) proposed the concept of "locomotive syndrome,"[6](#agm212043-bib-0006){ref-type="ref"} which is characterized by impaired gait ability because of movement disorders or lifestyle. Moreover, locomotive syndrome was reported to be related to female sex with old age and obesity,[7](#agm212043-bib-0007){ref-type="ref"} and the risk for gonitis becomes high with an increasing number of comorbid conditions, such as impaired glucose tolerance, dyslipidemia, and hypertension, all of which are components of metabolic syndrome.[8](#agm212043-bib-0008){ref-type="ref"}

DM, which is a condition with impaired glucose tolerance, may have an influence on motor function. In Japan, our previous report on DM patients with symptoms of DP showed low values on the Two‐Step Test, an index of gait ability in locomotive syndrome.[9](#agm212043-bib-0009){ref-type="ref"} Indeed, DM is related to locomotive syndrome, and the presence of DP can likely affect the Two‐Step value. Therefore, the Two‐Step value can be useful in DM patients. The Two‐Step Test can easily measure gait ability without the need for special tools. Therefore, this test was used for evaluating the gait ability of local residents.[10](#agm212043-bib-0010){ref-type="ref"} The present study focused on DM patients who did not have DP and discussed the effect of DM on the Two‐Step value (i.e., gait ability).

2. METHODS {#agm212043-sec-0008}
==========

2.1. Selection criteria {#agm212043-sec-0009}
-----------------------

This cross‐sectional study compared the Two‐Step values between DM patients (32 male, 28 female; mean age 62.2 years) and regional residents without DM (25 male, 18 female; mean age 61.8 years). This study was targeted at middle aged and young‐elderly individuals (45‐74 years old), in whom the risk of diabetic disease increases. The exclusion criteria were: the presence of DP, which can affect the motor function of DM patients; dialysis treatment; or visual impairment. The glycated hemoglobin was based on the international National Glycohemoglobin Standardization Program. The presence of DP was evaluated on the basis of the following diagnostic criteria[11](#agm212043-bib-0011){ref-type="ref"}: (a) presence of subjective symptoms, such as numbness; (b) decreased or absent vibration sense on both medial malleoli; and (c) both Achilles tendon reflexes were decreased or absent. DM patients who had at least two of these criteria were excluded.

2.2. JOA Two‐Step Test {#agm212043-sec-0010}
----------------------

We carried out the Two‐Step Test in the hospital. Subjects were instructed to take two steps with as long a stride as possible, and then to bring their feet together and stop. If the subject lost balance, the test was invalid. We measured the length of the two steps from the starting line to the tips of the subject\'s toes where they stood. The Two‐Step value was calculated on the basis of the recommendations of the JOA,[10](#agm212043-bib-0010){ref-type="ref"} as follows: $$\text{Two‐Step\ value} = \text{maximum\ two‐step\ length}(\text{cm}) \div \text{height}\,(\text{cm}).$$

2.3. Statistical analyses {#agm212043-sec-0011}
-------------------------

The matched baseline characteristics and the Two‐Step value were compared between the DM patients and the regional residents using the unpaired *t* test, with χ^2^ verification for the rate of the sex. Moreover, in order to take into consideration the impact of sex difference, we performed the same statistical analysis for each sex. We computed the Spearman's correlation coefficient of the Two‐Step value and basic information. All significance levels were set to 5%. We used SPSS 21.0J (IBM, Tokyo, Japan).

2.4. Ethical considerations {#agm212043-sec-0012}
---------------------------

The research on the DM patients was approved by the Chiba‐chuuou Medical Center Ethics Committee (Chiba, Chiba, Japan; approval number H27‐Ken 1). The research on the regional residents was approved by the Niigata Rehabilitation University Ethics Committee (Murakami, Niigata, Japan; approval number 112). Informed consent was obtained from all subjects.

3. Results {#agm212043-sec-0013}
==========

The average age of this study population was 60 years. The overall study indication was that height was significantly higher in the regional residents than in the DM patients. Contrarily, body mass index (BMI) was significantly higher in the DM patients than in the regional residents. In the male subgroup, height was significantly higher in the regional residents than in the DM patients. In the female subgroup, BMI was significantly higher in the DM patients than in the regional residents (Tables [1](#agm212043-tbl-0001){ref-type="table"}, [2](#agm212043-tbl-0002){ref-type="table"}, [3](#agm212043-tbl-0003){ref-type="table"}). Correlation was observed in the Two‐Step value of female DM patients among BMI values (Table [4](#agm212043-tbl-0004){ref-type="table"}). The Two‐Step value was significantly lower in the DM patients than in the regional residents in the female subgroup; in the male subgroup, this difference was not observed (Figure [1](#agm212043-fig-0001){ref-type="fig"}, [2](#agm212043-fig-0002){ref-type="fig"}, [3](#agm212043-fig-0003){ref-type="fig"}).

###### 

Comparison of the baseline characteristics according to the presence of DM in the overall study participants

                                                          DM patients without DP   Regional residents without DM   *P* value
  ------------------------------------------------------- ------------------------ ------------------------------- -----------
  Number of cases (*n*)                                   60                       43                              ‐
  Male/female (*n*)                                       32/28                    25/18                           0.628
  Age (years)                                             62.2 ± 8.1               61.8 ± 7.2                      0.818
  Height (cm)[a](#agm212043-note-0003){ref-type="fn"}     159.5 ± 8.9              163.7 ± 10.2                    \<0.05
  Weight (kg)                                             66.5 ± 15.1              63.3 ± 12.0                     0.257
  BMI (kg/m^2^)[a](#agm212043-note-0003){ref-type="fn"}   26.1 ± 5.1               23.5 ± 2.9                      \<0.05
  HbA1c (%)                                               8.5 ± 2.2                ‐                               ‐
  DM disease duration (years)                             9.1 ± 8.9                ‐                               ‐
  Two‐Step value                                          1.41 ± 0.19              1.47 ± 0.11                     0.067

Values are presented as mean ± SD, unless otherwise specified. Height was significantly higher in the regional residents than in the DM patients. BMI was significantly higher in the DM patients than in the regional residents.

BMI, body mass index; DM, diabetes mellitus; DP, diabetic polyneuropathy; HbA1c, glycated hemoglobin.

Unpaired *t* test, χ^2^ verification (*P* \< 0.05).

John Wiley & Sons, Ltd

###### 

Comparison of the baseline characteristics and the Two‐Step values according to the presence of DM in the male subgroup

                                                        DM patients without DP   Regional residents without DM   *P* value
  ----------------------------------------------------- ------------------------ ------------------------------- -----------
  Number of cases (*n*)                                 32                       25                              ‐
  Age (years)                                           60.6 ± 8.7               62.1 ± 7.5                      0.489
  Height (cm)[a](#agm212043-note-0006){ref-type="fn"}   165.5 ± 6.4              170.0 ± 8.1                     \<0.05
  Weight (kg)                                           70.1 ± 13.8              68.8 ± 11.9                     0.705
  BMI (kg/m^2^)                                         25.6 ± 4.5               23.7 ± 3.0                      0.080
  HbA1c (%)                                             8.8 ± 2.2                ‐                               ‐
  DM disease duration (years)                           9.1 ± 8.3                ‐                               ‐
  Two‐Step value                                        1.48 ± 0.17              1.48 ± 0.11                     0.938

Values are presented as mean ± SD, unless otherwise specified. Height was significantly higher in the regional residents than in the DM patients in the male subgroup.

BMI, body mass index; DM, diabetes mellitus; DP, diabetic polyneuropathy; HbA1c, glycated hemoglobin.

Unpaired *t* test, χ^2^ verification (*P* \< 0.05).

John Wiley & Sons, Ltd

###### 

Comparison of the baseline characteristics and the Two‐Step values according to the presence of DM in the female subgroup

                                                           DM patients without DP   Regional residents without DM   *P* value
  -------------------------------------------------------- ------------------------ ------------------------------- -----------
  Number of cases (*n*)                                    28                       18                              ‐
  Age (years)                                              63.9 ± 7.2               61.3 ± 7.0                      0.234
  Height (cm)                                              152.7 ± 6.0              154.9 ± 4.9                     0.185
  Weight (kg)                                              62.4 ± 15.7              55.8 ± 7.2                      0.060
  BMI (kg/m^2^)[a](#agm212043-note-0009){ref-type="fn"}    26.6 ± 5.8               23.2 ± 2.9                      \<0.05
  HbA1c (%)                                                8.3 ± 2.1                ‐                               ‐
  DM disease duration (years)                              9.2 ± 9.6                ‐                               ‐
  Two‐Step value[a](#agm212043-note-0009){ref-type="fn"}   1.34 ± 0.18              1.46 ± 0.12                     \<0.05

Values are presented as mean ± SD, unless otherwise specified. BMI was significantly higher in the DM patients than in the regional residents. The Two‐Step value was significantly lower in the DM patients than in the regional residents in the female subgroup.

BMI, body mass index; DM, diabetes mellitus; DP, diabetic polyneuropathy; HbA1c, glycated hemoglobin.

Unpaired *t* test, χ^2^ verification (*P* \< 0.05).

John Wiley & Sons, Ltd

###### 

Correlation of Two‐Step value and basic information

                                  Age                                              Height                                          Weight                                           BMI
  ------------------------------- ------------------------------------------------ ----------------------------------------------- ------------------------------------------------ ------------------------------------------------
  All subjects                    −0.286[a](#agm212043-note-0012){ref-type="fn"}   0.216[a](#agm212043-note-0012){ref-type="fn"}   −0.117                                           −0.300[a](#agm212043-note-0012){ref-type="fn"}
  Regional residents without DM                                                                                                                                                     
  M and F                         −0.253                                           0.127                                           0.110                                            0.040
  M                               −0.323                                           0.130                                           0.028                                            −0.054
  F                               −0.178                                           −0.044                                          0.142                                            0.147
  DM patients without DP                                                                                                                                                            
  M and F                         −0.306[a](#agm212043-note-0012){ref-type="fn"}   0.229                                           −0.171                                           −0.339[a](#agm212043-note-0012){ref-type="fn"}
  M                               −0.297                                           −0.020                                          −0.086                                           −0.090
  F                               −0.192                                           −0.138                                          −0.513[a](#agm212043-note-0012){ref-type="fn"}   −0.532[a](#agm212043-note-0012){ref-type="fn"}

Correlation was observed in Two‐Step value of female DM patients among body mass index values.

DM, diabetes mellitus; DP, diabetic polyneuropathy; F, female; M, male.

Spearman\'s correlation coefficient (*P* \< 0.05).

John Wiley & Sons, Ltd

![The result of the Two‐Step value in the overall study participants. The unpaired *t* test (*P* \< 0.05) revealed that the Two‐Step value was not significantly different between the diabetes mellitus (DM) patients and the regional residents in the overall study participants](AGM2-1-238-g001){#agm212043-fig-0001}

![The result of the Two‐Step value in the male subgroup. The unpaired *t* test (*P* \< 0.05) revealed that the Two‐Step value was not significantly different between the diabetes mellitus (DM) patients and the regional residents in the male subgroup](AGM2-1-238-g002){#agm212043-fig-0002}

![The result of the Two‐Step value in the female subgroup. \*Unpaired *t* test (*P* \< 0.05). The Two‐Step value was significantly lower in the diabetes mellitus (DM) patients than in the regional residents in the female subgroup](AGM2-1-238-g003){#agm212043-fig-0003}

4. DISCUSSION {#agm212043-sec-0014}
=============

4.1. Patient characteristics {#agm212043-sec-0015}
----------------------------

The results of this study suggest that gait ability can decline in female DM patients.

The mean BMI of the DM patients was ≥25 kg/m^2^ (pre‐obese). The major cause of DM was excessive energy intake. In many cases, DM patients in the early stage of disease were overweight due to unhealthy dietary habits. Moreover, insulin resistance is one of the important features of sarcopenic obesity. Insulin resistance increases when obesity is accumulated intramuscularly.[12](#agm212043-bib-0012){ref-type="ref"} Furthermore, insulin resistance can lead to muscle weakness.[13](#agm212043-bib-0013){ref-type="ref"} Because the burden placed on a perarticulation increases the degree of visceral adiposity, BMI and walking velocity have been reported to have an inverse relationship.[14](#agm212043-bib-0014){ref-type="ref"} Visceral adiposity itself is a factor that can cause locomotive syndrome, especially affecting motor function.

DM patients with long‐standing hyperglycemia can develop DP, which can cause muscle atrophy, impair gait ability, and ultimately decrease the BMI. However, because DM patients with DP were excluded in this study, the results were probably strongly affected by visceral adiposity.

4.2. Two‐Step value was low for female DM patients {#agm212043-sec-0016}
--------------------------------------------------

Our results showed that the Two‐Step value was lower in female DM patients than in female regional residents of the same age. With aging, the amount of muscles decreases;[15](#agm212043-bib-0015){ref-type="ref"}, [16](#agm212043-bib-0016){ref-type="ref"} in females, there is an additional tendency for reduction in bone mineral density.[17](#agm212043-bib-0017){ref-type="ref"} Moreover, in elderly females, visceral adiposity and locomotive syndrome are related.[7](#agm212043-bib-0007){ref-type="ref"}

In this study, the BMIs of female DM patients were significantly higher than in the female regional residents. The degree of visceral adiposity was higher in the female DM patients than in the female regional residents. Further, a correlation was observed in the Two‐Step value of female DM patients among BMI. Similarly to elderly females, muscle strength declines easily with visceral adiposity, and in many cases, existing DM patients who show the symptoms of DP tend to be stout. Sarcopenia visceral adiposity, a condition with decreased muscle quantity, has been shown to have a stronger relationship with walking velocity or gait ability compared with the usual sarcopenia.[18](#agm212043-bib-0018){ref-type="ref"} The Two‐Step Test for locomotive syndrome is an index of gait ability and is compounded by muscle strength, balance, and the glenoid range of motion. DM restricts the range of motion in the foot[19](#agm212043-bib-0019){ref-type="ref"} and reduces the amount and strength of lower limb muscles.[13](#agm212043-bib-0013){ref-type="ref"}, [20](#agm212043-bib-0020){ref-type="ref"}, [21](#agm212043-bib-0021){ref-type="ref"} This can explain the low Two‐Step value in the elderly female DM patients in this study.

This study presents a new observation: The gait ability in female DM patients can be impaired, even before the development of DP. The numbers of DM patients and reserve DM patients are increasing rapidly. The Two‐Step Test is a simple method and is useful in evaluating the gait ability in DM patients. The female Two‐Step value was suggested to be influenced by DM.

This study had a limitation: The study population comprised elderly individuals; therefore, the effect was of both DM as well as aging. In the future, the impact of DM on the Two‐Step value should be confirmed by large‐scale studies that account for age and factors other than BMI.
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